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FERCEFTUAL MOTOR CCORDINATION, AUDITORY CISCRIMINATION,
THOUGHT FROCESSES, SYLLABLES, PSYCHOACQUSTICS, CYBERNETICS,
*¥FPHONETICS, LINC COMPUTER; EMG,

ASSUMING THAT SFEECH IS THE RESULT OF A NUMBER OF
DISCRETE NEUROMUSCULAR EVENTS AND THAT THE BRAIN CAN STORE
ONLY A LIMITED NUMBER OF MOTOR COMMANDS WITH WHICH TO CONTROL
THESE EVENTS, THE RESEARCH REFORTED IN THIS FAFER WAS
DIRECTED TO A DETERMINATION OF THE SIZE AND NATURE OF THE
STORED ITEMS AND AN EXFLANATION OF HOW SFEAKERS ENCODE A

- SEQUENCE OF THESE DISCRETE LINGUISTIC UNITS INTO A

CONTINUOUSLY CHANGING SIGNAL. THE TECHNIQUE OF
ELECTROMYOGRAFPHY WAS USED TO STUDY THE ACTIONS OF SOME OF THE
MUSCLES IN THE MOUTH IN ARTICULATIiNG “S,7,D" COMBINED WITH 12
AMERICAN ENGLISH VOWELS. RESULTS SHOWED THAT NO ONE-TO-ONE
CORRESFONDENCE EXISTS BETWEEN FPHONEMES AND MOTOR COMMANDS.
TWO MOTOR COMMANDS DIRECTED SIMULTANEOUSLY TO THE SAME MUSCLE
RESULT IN MUSCULAR ACTIVITY EQUAL TO THAT NECESSARY FOR THE
FRODUCTION OF THE SOUND REQUIRING THE GREATEST TENSION. IF
MOTOR COMMANDS CALL FOR A SEQUENCE OF GESTURES AND THE FIRST

GESTURE REQUIRES MORE MUSCLE ACTION THAN THE SECOND, THE

ACTION FOR THE SECOND GESTURE IS CECREASED. HCWEVER, WHEN THE

' SECOND GESTURE REQUIRES. A GREATER OR EQUAL AMOUNT OF

ACTIVITY, A MORE OR LESS SIMFLE CONCATENATION OF GESTURES
RESULTS. ALTERNATIVE HYFOTHESES ARE DISCUSSED TO ACCOUNT FOR
THESE DATA AND ARE SUGGESTED AS TOFICS FOR FURTHER
EXPERIMENTS. THIS PAFER WAS FRESENTED AT A MEETING OF THE
ACOUSTICAL SOC. OF AMER., BOSTON, JUNE 1, 1966. (JD)




{ N
[¢)

Faper to be given at meeting of Acoustical Society of Americe, June 1, 19¢
VICTURIA A, FROMKIN, U.C.L.A. ' Boston,

.

Relatinpshin betveen Lineuistic Units and Motor Commands

model of spezch parformance can be constructed
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rrovide more detailéd kxnowledge than
is now available about the encoding and decoding nrocesses which oceour,
It seems logical, however, tc start with the assumption that the semi

.

continuous acoustic si nal that we call swezagh is the result of a
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number of discrete neurcmusculsar events. Welcannoi store in our brain
notor comrands for every utterance that we mQy wisk to say, owing to
the brain's finite storare caracity. ESpeech then is vrocduced by the
rzaerrangenent of a linited number of stored items. Une ¢f the problenms
to be resolved is the determinziien of the size and nature of the

stored items,; and to exnlain how speakers encode a saquence of these

guistic uniis into a conitinuously changing signai. We are
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assuning that at some previcus level of brain activiiy some rrammatical
»

and semautic unit of a sentence hoas bszen encoded into a series of

e

discrete segments, which must be further encoded inlo siguals zm to
activate the muscles in such a way that sveech scunds are produced-

We have here a 'black hox' situation, btut cnz in which the only
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s the ovnut. i,e, the act
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viiy of the nuscles.
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data ws can examine

ot

the articulatery gestures, and finally the acoustic signal. We mucs
make certain assumntions abont the invut into the mobtor corrmand
wechanism,; and zbout the trensformaticns wvhich take ~lace. Ve are
unable to look into the sp2aker’s brain, and eved.if we did so, it ia
unlizely that this would reveal the encoding mschanisn.

Can we assume the input to be rhonemes, such that there is a one-to-
one na?n4nb of rhonsmes or vdhon '~ features onto individual motor

comnanis? Our own investisrations cugcest that this is not the case.
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sing the technigue of glectromyopraniy, & sStucy Was mete of ths

aecticne of the orzisulsris oris nuscle in the zriiculation of CVC
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utterance were averaped usiang z LING geasrsl purrdse comnuier-

sguits of the study which are

t

We shall summarize sode of the
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In the siides to be presentsd. the horuzont al avis repreceanis

thess 1.1 seconds of timo, and the vertisal axis the rgeorded voltage
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an initizl /b/ is of greater auplitude and curaiicn than thad producing

Here on2 sees tho sucverimposzition of averaged ERG iraces in
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final /»/ utterarces, It ls evisenv that SxllenmnagiNguaiuay

initial and’

there is no invarisnt motor comwand for 3he ~honeme /b/ inderendent of
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This slide shows the variation of orticularis sction which
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occurs miunx between /oIb/ utterances, and those between /tub/ and /bIn/.
It is evident that two motnr comnands, if this is whet occurs,
directed to the same muscle do not resvlt in a simnle addition of

the numoer of motor units contiracting ¥han the motor corrands call

Ze
for the gestures to occur simnlianeously, ithe resuliant muscular
activity is equal to that necessary for %he production cf the sound
requiring the greatest tonsion.
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5. Yhen nrotor commands call for a sequence of gestuves, if the
first gesturs requires more nmuscle sction than the subsajuent gesture,

oy the sccond gesture is decreasad,
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Viewing the suverinposition of /bud/ and /dud/ EMG traces, and
there is a
Jood/ with /dod/ traces, it is evident that « decrease of the muscle

action asscciated witih the vowel whan the vowel follows a consonant

in which-thare is greater expenditvre ci offort,. Physiologically

<

this is explained by a siuple inertial effect, that ies, it is harder

to start on cbject wmoving than 1% is te keav it moving once it is

sequsnce of geStuve vhere BEiiXZesiaREsSwoesITSHNgYEINE the

sccond gesture requircs a graater or equal amount of activity, = more

Slide 5
ders yocu see the superimposition of uiftecrances in which the
vowzl is /u/ and the final consonants /b/ and /4/. Little difference

-

any results from a final /b/ as ovrosed to final /4/.
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Alternative hrpotheses are guggested to acceunt fer these data.
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Such a provessl assumes that ther
command for every possible alicnhone, It is logical to assums this

to be the case for what Ladefeged has calleﬁ exirinsic allophones,

those not resuliiag frenm coarticnlatioa factors or overlawnping commands,

but which reguire a different set of moter commands, such as is

b

reighboring sounds influence antecedent or subssquent scunds ou=x also

i1llustrated oy the differences between initial and fiasal /5/. But
1] : .
? é fux intriansic allophonas which are the rasuvlt of imwediate rhonstic
<
- context way be processaed end trarsmitted directly as signals to the
| <
s ; . ;
i< muaseles. Thus, the desrease in the musecular contractions for an /u/
o :
Y % preceded by a /b/ would be the result of the previous ruscular state.
How the inirinszic allsvheonss are nrocessed, that is, how the /
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suggest alternative exvlanations,

Cne can assune that & by a feedback meschanism the outpul Inxmunihurmd

- muscle stete -- is nonitored, which infermetion is zent back to j
subsequent ‘

the moteor comrand encoding devisse to = change the/con nands.nlaking :
. Evksmnusng  Dowever, the ravidity o¢f the articulation process, coupled

with the delay timz necessary for the prropriocevt feedback would

‘not permit feadback from the peripheral orjans to modify the signals

from the nervous system in time, However, in certain neural systens,

the signals themselves uey be nonitored, that iz, the nervous systen

: : can look a2t the commend rather than at the output amd change a2 subsaquent

command in keening with the reguireaznis to achieve the new gesturec.
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yyerz is an alterpative explanation; nawmely that the linguistic

unit corresvonding to individual sets of wmoior commands is mot of ths
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size of a phoreme or allovhone, but rather that of a syllable, or some

cembiunbinaa Af rhavnamin seoments.  Mueh supvorting evidence for this
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position has been advanced., For exaunple, in & CV syllable, in which
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the vowel is mzrked by a rounding featurz, the protrusscn ocours

sirultansously with the ariiculation of the consrnant, and in souze
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The sugpgestion that the units for the ariiculatory progran are
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b pmtybe units is suprorted furither by Kozhavnikov and Onistovich
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in Leningrad, whosa provide sunmort for thes idea that syllable commands
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sre rhyihnically orpanized by a separate rhythm generator ium the nerve us
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system, distinct from the articuiatory generator.
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If this is the case, either oune nust coasluds that a many-tc-one
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encoding process uceurs ~- allophones to syllaules -~ which nev units
gcoe madped onto motor commands. Alternatively, ke message way be

originsily encoded iato units larger than phonsamisz segmentay 1.€. 5 r1lables.

§

1% is conceivanle that indiviiual sets of moter commands corrosnuonding
to syllables arc stored, It ¥ seemz more vlausible that the syllable

unitz are couplex units encoded ir phonenmic or allophonic segmonts

and these sub-syllzbic unitz are mzpo3d ontos notor commands by ihe
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feedbazck machanisa supgested
and would exrlain the errcrs which cceur in soeakxing in v

syllables nersevere or are anticipated.
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nowledge excludss ary definitive answars
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While the present state

to the questions raised, the alternative suggestions dec account for

Z“-}

the cata., New data, and the discovery of new relaticnships ghould
9 J
provide the basix for xazm & possidly vettesr explanations., We therefore

view our surgestions as worling hypotheses on which ic base further

exparinents,
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Relationship between Linguistic Units and Motor Commands

Victoris A, Fromkin, U.C.L.A.

I. Summary of some of the results of an Electromyogravhic study of
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erbicularis eris muscle. Utterances were CVC monosylaables:
C=/b,8f, V= /uw,i,/ '

1. In utteraucce in which both €. and C /e/¢ =.g. /fé_d/, no
puscle activity wuas recorded wWhen V
were recorded when V = /u/ and /bfc

2. In all utterances in which /b/ occurred, nuscle activity was
recorded; for initial /u/ the action potentials occurred

E prior to the onset of the audio signal, for final /b/ the action

potentials (AP) occurred after the ounset of the audio signal,

3. When /b/ occurred initially, the ruscle aciion was greater in
amplitude and duration than when /b/ occurredé finally.

/i/; .uscle action potentials

b, The muscle action associated with an initial and final /b/ was

vnafiected by the quality of the vowel which preceded or followed it.

5. The action potentials produced in the articulation of fdud/
i.e. of the vowel /u/ , started prior to the onset of audio
and axtendsd after ths onset of audio. Tnere was less
muscle acticn after the onset of audio when /u/ was preceded
by /»/ than when /u/ was precsded by /d4/,

6. The muscle activity associated with /u/ and A/ was 1hdependent

of the consonant which followed, i.e. when followed by 2 /b/

which also showed action potentials there was no difference than

when followed by a /d/ which shewed nc muscle action,

7. The muscle action potentials produced in the uticrance ftuvd/
vere relatively indistinguishable from that for /bid/,
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